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© Hydraulic circuit for backhoe implement 

© A hydraulic circuit, for use with i.e. a backhoe 
implement of a work vehicle. The circuit includes an 
engine, first through third pumps driven by the en- 
gine and a pluarlity of actuators. The invention is 
characterized by a relief pressure switchover device 
for selectively providing a first mode for realizing a 
low relief pressure in the first and second feed oil 
passages and a second mode for realizing a high 
relief pressure in the same and a relief pressure 
control device for causing the relief pressure 
switchover device to automatically provide the first 
mode when the third pump is loading and causing 
the switchover device to automatically provide the 
second mode when the third pump is unloading. 
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HYDRAULIC CIRCUIT 



BACKGROUND OF THE INVENTION 



1 FIELD OF THE INVENTION 

The present invention relates to a hydraulic 
circuit for e.g. a backhoe implement of a work 
vehicle, and more particularly to a hydraulic circuit 
of the above type having a plurality of pumps 
driven by a common engine and a plurality of 
actuators. 

2 DESCRIPTION OF THE RELATED ART 

A hydraulic circuit of the above-described type 
is known from a Japanese laid-open utility model 
gazette No. 62-31166, for example. This circuit 
includes first through third pumps respectively con- 
nected to corresponding actuators, and all these 
three pumps are driven by a single engine. For this 
reason, magnitude of the engine output is so de- 
signed as to avoid an engine stop even if a sum 
pressure of oil fed from all the pumps reaches a 
relief pressure. During a vehicle run or a work such 
as an excavating work, the engine receives a large 
load for the first and second pumps, while the third 
pump for e.g. swivelling remains idle, i.e. unload- 
ing. Accordingly, the actual total load affecting the 
engine is smaller than the above-described, pre- 
determined tolerable load, which means that part of 
the engine output remains un-used during the ve- 
hicle run or the work. This is undesirable with view 
to the maximum efficient use of the engine output 

One conceivable method to improve the effi- 
ciency is to provide a manually operable, relief 
pressure switchover means for switching the relief 
pressure between a high state and a low state to 
be fed to a first feed oil passage connected to the 
first pump and a second feed oil passage con- 
nected to the second pump. However, whether the 
relief pressure switchover means can function 
properly or not depends on whether the user op- 
erates the same properly or not. And, this can be 
difficult when the user's attention is diverted for 
carrying out various works in a short time period. 
Then, with the pressure being erroneously set to 
the low, the user will fail to utilize the engine output 
fully for the desired vehicle run or the work, just as 
the case having no such relief pressure switchover 
means at all. In the opposite case, the user will 
suffer frequent engine stops. 

The object of the invention becomes now clear. 
The invention intends to provide a hydraulic circuit 
which permits full use of the engine output all the 
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time and which permits a proper switching of the 
relief pressure in an automatic fashion. 



5 SUMMARY OF THE INVENTION 

For accomplishing the above-specified object, 
in a hydraulic circuit, for use with i.e. a backhoe 
implement of a work vehicle, the hydraulic circuit 

to according to the invention comprises: a) an engine; 
b) first through third pumps. driven by the engine, 
the first pump being connected via a first feed oil 
passage to one of a pair of right and left propelling 
control valves and a first control means, the second 

75 pump being connected via a second feed oil pas- 
sage to the other of the propelling control valve 
pair and a second control means, the third pump 
being connected to a swivel control valve and a 
third control means, c) a plurality of actuator means 

20 respectively connected to the right and left propel- 
ling control valves, the swivel control valve and the 
first through third control means; d) a relief pres- 
sure switchover means for selectively providing a 
first mode for realizing a low relief pressure in the 

25 first and second feed oil passages and a second 
mode for realizing a high relief pressure in the 
same; and e) a relief pressure control means for 
causing the relief pressure switchover means to 
automatically provide the first mode when the third 

30 pump is loading and causing the switchover means 
to automatically provide the second mode when 
the third pump is unloading. 

With the above-defined characterizing con- 
struction of the invention, when the third pump is 

35 unloading, the relief pressure control means causes 
the relief pressure switchover means to automati- 
cally provide the second mode for realizing a high 
relief pressure in the first and second feed oil 
passages. Accordingly, even if the entire output of 

40 the engine, which is designed sufficient to drive all 
the pumps at the same time, is used for driving the 
actuators connected to the first and second pumps, 
the combined pressure from these pumps will not 
exceed the relief pressure which has been set high 

45 by the switchover means, whereby the entire pump 
pressure can be used for driving the corresponding 
actuators. Conversely, when the third pump is load- 
ing, the relief pressure control means causes the 
relief pressure switchover means to automatically 

so provide the first mode for realizing a low relief 
pressure in the first and second feed oil passages. 
Accordingly, the engine can drive all the actuators 
connected to the first through third pumps at the 
same time without being stopped by the sum loads 
from the actuators. 
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With the combination of the relief pressure 
switchover means and the relief pressure control 
means taught by the invention, the engine output 
can be fully utilized not only when the actuators are 
driven by all the pumps but also when the ac- 5 
tuators are driven by the first and second pumps 
alone, whereby a vehicle run and a work such as 
an excavating operation can be carried out in a 
powerful and efficient manner. 

Further, with the automatic relief pressure 10 
switchover function, the user can benefit the maxi- 
mum utilization of the engine output in a carefree 
fashion, which effect will be appreciated in particu- 
lar when the user can not afford to pay proper 
attention to the relief pressure condition as having 75 
to carry out various kinds of works in a short period 
of time. 

Further and other objects, features and effects 
of the invention will become more apparent from 
the following more detailed description of the em- 20 
bodiments of the invention with reference to the 
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 25 

Accompanying drawings illustrate one pre- 
ferred embodiment of a hydraulic circuit relating to 
the invention; in which, 

Fig. 1 is a side view showing a dozer- 30 
equipped backhoe work vehicle, and 

Fig. 2 is a diagram of the invention's hydrau- 
lic circuit. 

35 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the invention will 
now be described specifically with reference to the 40 
accompanying drawings. 

As shown in Fig. 1 , a dozer-equipped backhoe 
vehicle includes a crawler-propelled vehicle body 
equipped with a dozer plate 1 and a swivel deck 2, 
a power unit 3, a driver's section 4 mounted on the 45 
swivel deck 2 and a backhoe implement 6 pivotab- 
ly attached to a front portion of the vehicle body 
through a swing bracket 5. 

For operating the dozer plate 1, the swivel 
deck 2, an unillustrated propelling unit and also the so 
backhoe implement 6, the power unit 3 includes 
first through third pumps PI , P2 and P3 driven by 
a same engine E and a hydraulic circuit to be 
described next with reference to Fig. 2. 

Referring to Fig. 2, this hydraulic circuit func- 55 
tions to control operations of various actuator 
means: a pair of right and left crawler-propelling 
motors M1 , M2, a swivel motor M3 for pivoting the 



swivel deck 2, an arm cylinder 7, a boom cylinder 
10, a bucket cylinder 11, a swing cylinder 13 and a 
dozer cylinder 14. 

That is, the circuit includes a center-bypass 
type multiple valve construction consisting of a 
service port control valve S1 , an arm control valve 
V1 for the arm cylnder 7, a converging spacer 8, a 
converging valve V2 for the boom, a propelling 
control valve V3 for one of the right and left propel- 
ling motors M1 and M2 and a converging valve V4. 
This multiple valve construction is connected via a 
first feed oil passage 9 to the first pump P1, with 
the valves S1, V1 and V2 being connected in 
parallel relative to each other with the first pump 
P1 . The arm control valve V1 connected to the first 
feed oil passage 9 will be referred to as a first 
control means. Further, the converging valve V2 for 
the boom is operatively connected with the oil 
passage extending from a boom control valve V6 
(to be described later) to the boom cylinder 10, so 
that combined power of the first and second 
pumps P1 and P2 can be used for quickly lifting up 
the boom. The hydraulic circuit includes a further 
center-bypass type multiple valve construction con- 
sisting of a propelling control valve V5 for the other 
one of the propelling motors M1 and M2, the 
aforementioned boom control valve V6 for the 
boom cylinder 10, and of a bucket control valve V7 
for the bucket cylinder 11. This further multiple 
valve construction is connected via a second feed 
oil passage 12 to the second pump P2. The boom 
control valve V6 connected to the second feed oil 
passage 12 and the bucket control valve V7 will be 
referred to as a second control means. The hydrau- 
lic circuit includes a still further center-bypass type 
multiple valve construction consisting of a swivel 
control valve V8 for the swivel motor M3, a swing 
control valve V9 for the swing cylinder 13 and the 
dozer control valve V10 for the dozer cylinder 14. 
This multiple valve construction is connected via a 
third feed oil passage 1 5 to the third pump P3. The 
swing control valve V9 and the dozer control valve 
V10 will be referred to as a third control means. 

In the circuit, there is also provided a relief oil 
passage 19 including a high-pressure relief valve 
16; a low-pressure relief valve 17, a switch valve 18 
and a pair of check valves 20 and 21 . This relief oil 
passage 19 is connected to the first and second 
feed oil passages 9 and 12 so that the one check 
valve 20 checks reverse flow to the first feed oil 
passage 9 while the other check valve 21 checks 
reverse flow to the second feed oil passage 12. 
When the switch valve 18 is opened, the low- 
pressure relief valve 17 overrides the high-pressure 
relief valve 16 as the former becomes connected 
with the check valves 20 and 21, thereby realizing 
a low relief pressure in the relief oil passage 19 as 
a first mode. Conversely, when the switch valve 18 
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is closed, the high-pressure relief valve 16 over- 
rides the low-pressure relief valve 17 as the latter 
becomes disconnected with the check valves 20 
and 21, thereby realizing a high relief pressure in 
the relief oil passage 19 as a second mode. In 
short, when the switch valve 18 is opened, the low 
relief pressure is provided to the first and second 
feed oil passages 9 and 12. Whereas, when the 
switch valve 15 is closed, the high relief pressure is 
provided to the first and second feed oil passages 
9 and 15. Further, this switch valve 18 is urged for 
closing by means of a spring 22 and is adapted to 
receive a pilot pressure via a pilot oii passage 23 
from the third feed oil passage 15. Consequently, 
the switch valve 18 is automatically switched over 
between a first mode in which the third pump P3 is 
loading to drive the actuators and a second mode 
in which the pump P3 is unloading not to drive the 
same. More particularly, when the third pump P3 is 
in the loading condition, the load causes the pres- 
sure inside the third feed oil passage 15 to exceed 
a predetermined value, which excess pressure pro- 
vides a pilot pressure to the pilot oil passage 23. 
And, this pilot pressure switches over the switch 
valve 18 to the opened state. Thereafter, when the 
third pump P3 is brought into the unloading con- 
dition, the absence of the load causes the pressure 
inside the third feed oil passage 15 to fall short of 
the predetermined value, thus eliminating the ex- 
cess pressure to the pilot oil passsage 23. With 
resultant elimination of pilot pressure, the switch 
vaive 18 is automatically switched over to the 
closed state by the urging force of the spring 22. 

To summarize the above functions, when the 
third pump P3 is loading for driving the actuators, 
the relief pressure for the first and second feed oil 
passages 9 and 12 is automatically rendered low. 
Therefore, the engine E can drive all the first 
through third pumps P1, P2 and P3 simultaneously 
without being stopped even when these pumps P1 , 
P2 and P3 receive loads from driving the cor- 
responding actuators. On the other hand, when the 
third pump P3 is unloading, the relief pressure for 
the first and second feed oil passages 9 and 12 is 
automatically rendered high. Therefore, the entire 
engine output can be used for driving the first and 
second pump P1 and P2 more powerfully than all 
the pumps P1, P2 and P3 are driven simulta- 
neously. 



(Alternate Embodiments) 

In the above embodiment, the first and second 
oil passages 9 and 12 co-utilize the two high- 
pressure and low-pressure relief valves and the 
one switch valve. Instead, it is conceivable for the 
invention's construction to include a variable relief 



valve or means for selectively connecting the relief 
oil passage to the respective feed oil passages so 
that the former provides a switchabie relief pres- 
sure to the latter. Therefore, in this invention, these 
5 various means are genericaliy referred to as a relief 
pressure switchover means 18 for the first and 
second feed oil passage 9 and 12. Also, the open 
state of the switch vaive 18 is referred to as the 
first mode while the closed state of the same is 

io referred to as the second mode, respectively. 

Moreover, in place of the pilot oil passage 23, 
it is also conceivable to employ an automatic con- 
trol means for mechanically or electrically coupling 
the control valves with the relief pressure 

75 switchover means so that the condition of the third 
pump is detected based on the positiones of the 
control valves and the switch valve and the variable 
relief valve are switched over based on this detec- 
tion. Therefore, these means are genericaliy re- 

20 ferred to as a relief pressure control means 23. 

Furthermore, in the previous embodiment, the 
combinations between the actuator means as the 
first through third control means and the first 
through third pumps P1, P2 and P3 are specifically 

25 predetermined. It is noted however that these com- 
binations can vary through designing to suit a par- 
ticular application intended. 

The invention may be embodied in other spe- 
cific forms without departing from the spirit or 

30 essential characteristics thereof. The present em- 
bodiments are therefore to be considered in all 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the ap- 
pended claims rather than by the foregoing de- 

35 scription and all changes which come within the 
meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 

Further, although reference marks and numer- 
als are provided in the appended claims in order to 

40 facilitate reference to the accompanying drawings, 
it is understood that these marks and numerals are 
not to limit the scope of the invention to the con- 
structions illustrated in these drawings. 

45 

Claims 

1. A hydraulic circuit, for use with i.e. a back- 
hoe implement of a work vehicle, the hydraulic 
so circuit having: 

a) an engine (E); 

b) first through third pumps (P1), (P2) and 
(P3) driven by the engine (E), 

said first pump (P1) being connected via a first 
55 feed oil passage (9) to one of a pair of right and 
left propelling control valves (V3) and (V5) and a 
first control means, 

said second pump (P2) being connected via a 
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second feed oil passage (12) to the other of the 
propelling control valve pair (V3), (V5) and a sec- 
ond control means, 

said third pump (P3) being connected to a swivel 
control valve (V8) and a third control means, 5 

c) a plurality of actuator means (M1), (M2), 
(M3). (7), (10), (11), (13) and (14) respectively 
connected to said right and left propelling control 
valves (V8), (V8), said swivel control valve (V8) and 

said first through third control means; 10 
characterized by 

d) a relief pressure switchover means (18) 
for selectively providing a first mode for realizing a 
low relief pressure in said first and second feed oil 
passages (9) and (12) and a second mode for ts 
realizing a high relief pressure in the same; and 

e) a relief pressure control means (23) for 
causing said relief pressure switchover means (18) 
to automatically provide said first mode when the 
third pump (P3) is loading and causing said 20 
switchover means (18) to automatically provide 

said second mode when the third pump (P3) is 
unloading. 

2. A hydraulic circuit as defined in Claim 1 ( 
characterized in that 25 
said first control means comprises an arm control 
valve (V1) f said second control means comprises a 
boom control valve (V6) and a bucket control valve 
(V7) and said third control means comprises a 
swing control valve (V9) and a dozer control valve so 
(V10), respectively. 
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© Hydraulic circuit for backhoe implement 

© A hydraulic circuit, for use with i.e. a backhoe 
implement of a work vehicle. The circuit includes an 
engine (E), first through third pumps driven by the 
engine and a piuarlity of actuators. The invention is 
characterized by a relief pressure switchover device 
(18) for selectively providing a first mode for realiz- 
ing a low relief pressure in the first and second feed 
oil passages (9, 12) and a second mode for realizing 
a high relief pressure in the same and a relief 
pressure control device for causing the relief pres- 
sure switchover device to automatically provide the 
first mode when the third pump is loading and caus- 
ing the switchover device to automatically provide 
the second mode when the third pump is unloading. 
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